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CHAPTER(1.(INTRODUCTION(
Background(
The(hemostatic(system(of(the(body(is(vital(and(has(major(implications(for(survival.((
Aberrations(in(hemostasis,(whether(an(increased(tendency(toward(clotting(or(an(increased(
tendency(toward(bleeding,(can(have(significant(implications.((Platelets(are(an(important(
component(of(the(hemostatic(system.((Traditionally,(platelets(have(been(the(main(
determinant(of(primary(hemostasis,(or(formation(of(the(platelet(plug(at(the(site(of(vascular(
injury.((Secondary(hemostasis,(or(the(coagulation(cascade,(stabilizes(the(platelet(plug(
through(a(crosslinked(fibrin(meshwork.((The(final(stage(involves(plasminogen(activation(to(
plasmin,(which(leads(to(fibrinolysis(or(the(breakdown(of(the(fibrin(clot.((Newer(evidence(
suggests(that(this(traditional(viewpoint(of(hemostasis(with(platelets(involved(only(in(primary(
hemostasis(is(overly(simplistic.((It(is(now(known(that(activated(platelets(have(a(vital(role(in(
secondary(hemostasis,(as(the(surface(of(the(activated(platelet(provides(a(procoagulant(
membrane(for(thrombin(generation,(leading(to(generation(of(coagulation(enzymes.((
Without(the(platelet(providing(this(procoagulant(surface,(clinical(hemorrhage(is(likely(to(
occur(such(as(seen(in(canine(Scott(syndrome((CSS).((This(uncommon(disorder(seen(in(
German(shepherd(dogs(results(when(platelets(are(unable(to(generate(the(procoagulant(
surface.(Dogs(with(CSS(have(clinical(bleeding,(often(significant,(such(as(epistaxis,(bruising,(
and(postPsurgical(hemorrhage.(Perhaps(the(veterinary(disease(in(which(the(importance(of(
platelets(is(most(appreciated(is(immune(thrombocytopenia((ITP).((ITP(is(caused(when(
antibodies(bound(to(the(platelet(surface(lead(to(their(destruction(by(the(immune(system.((
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Dogs(with(ITP(often(have(severely(decreased(platelet(counts,(and(often(have(very(significant(
clinical(bleeding.(((Despite(the(importance(of(platelets(in(preventing(significant(hemorrhage,(
uncontrolled(clotting(can(have(potentially(significant(consequences(as(well.((Numerous(
conditions(in(veterinary(medicine(are(known(to(cause(hypercoagulability((an(increased(
tendency(towards(abnormal(blood(clotting).(Treatment(of(any(hemostatic(disorder(should(
be(aimed(at(restoring(the(balance(between(proP(and(antiPthrombotic(factors(that(exists(in(
health.((
Objectives(
The(aim(of(this(thesis(is(to(investigate(the(role(of(platelets(in(bleeding(and(in(
thrombosis.((This(was(accomplished(using(two(projects.((The(first(is(the(development(and(
validation(of(a(novel(canine(bleeding(score(to(be(used(in(canine(ITP.((The(second(is(the(
investigation(of(coated(platelet(potential(in(canine(cancer(patients.(((
Thesis(Organization(
The(format(of(this(thesis(is(based(on(the(use(of(journal(papers(as(chapters.(The(
second(chapter(describes(the(development(and(validation(of(a(novel(bleeding(score(to(be(
used(in(canine(ITP,(the(DOGiBAT.(This(study(was(presented(in(abstract(form(at(the(2016(
American(College(of(Veterinary(Internal(Medicine(Forum,(and(is(being(prepared(for(
submission(to(the(Journal(of(Veterinary(Internal(Medicine.(Chapter(three(is(a(study(of(
coated(platelet(potential(in(canine(cancer(patients.(This(has(been(submitted(for(
presentation(at(the(Veterinary(Cancer(Society(forum(and(Platelets(International.((It(is(also(
being(prepared(for(submission(to(the(Both(the(second(and(third(chapters(will(be(submitted(
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to(the(Journal(of(Veterinary(Internal(Medicine.(Finally,(the(last(chapter(contains(the(thesis(
conclusions(and(recommendations(for(future(research.(
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CHAPTER(2.(DEVELOPMENT(AND(VALIDATION(OF(A(NOVEL(CANINE(IMMUNE(
THROMBOCYTOPENIA(BLEEDING(SCORE(
A(paper(to(be(submitted(to(the(Journal(of(Veterinary(Internal(Medicine(
Kelly(M.(Makielski,(Marjory(B.(Brooks,(Chong(Wang,(Jonah(N.(Cullen,(Annette(M.(O’Connor,(
Dana(N.(LeVine(
Abstract(
Background:!A(method(of(objective(quantification(of(clinical(bleeding(in(canine(immuneU
mediated(thrombocytopenia((ITP)(is(needed(because(ITP(patients(have(variable(bleeding(
tendencies(that(do(not(directly(relate(to(severity(of(thrombocytopenia.((A(consistent(description(
of(their(bleeding(would(allow(more(direct(comparisons(of(this(bleeding(heterogeneity(in(multiU
institution(studies.(((Application(of(a(standardized(bleeding(assessment(tool(would(help(stratify(
ITP(patients(in(clinical(trials(based(on(their(bleeding(severity(to(provide(an(objective(comparison(
of(patient(outcomes(among(treatment(protocols.((
Objectives:!In(this(study(we(aimed(to(develop(and(validate(a(daily(canine(ITP(bleeding(
assessment(tool((DOGiBAT)(and(to(evaluate(the(utility(of(a(training(course(for(improving(
accurate(implementation(of(the(DOGiBAT.(Additionally,(we(aimed(to(use(the(DOGiBAT(to(score(
clientUowned(dogs(with(thrombocytopenia.(
Methods:!A(novel(bleeding(assessment(tool,(DOGiBAT,(was(developed(for(canine(ITP!
comprising(nine(different(anatomic(siteUspecific(bleeding(grades(ranging(from(0((none)(to(2(
(severe).(A(computerized(training(course(was(developed(for(application(of(the(DOGiBAT(to(
score(clinical(cases.((A(caseUbased(quiz(set(of(still(images(was(used(to(assess(the(trainees’(ability(
to(apply(the(DOGiBAT(tool.(To(assess(the(efficacy(of(the(training(course,(70(veterinary(student(
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volunteers(were(randomized(to(take(the(quiz(with((n=35)(or(without((n=35)(the(training.(All(
students(scored(all(sites(from(all(cases(and(site(scores(were(considered(correct(if(they(agreed(
with(the(investigators’(preUspecified(classification.(The(frequency(of(correct(scores(was(
compared(between(trained(and(untrained(students.(A(logistic(regression(model(was(used(to(
assess(the(association(between(training(and(score,(while(adjusting(for(correlated(responses(
from(sites(within(cases.(
Results:!Clinicians((n=13)(and(technicians((n=3)(taking(the(quiz(following(training(were(
able(to(correctly(apply(the(DOGiBAT,(scoring(100%(of(responses(correctly.(86.1%(of(responses(
from(students(that(received(training(were(correctly(scored,(compared(to(only(78.2%(of(
responses(from(students(that(did(not(receive(training.(The(odds(of(trained(students(giving(
correct(answers(were(higher(than(untrained(students((p(<0.0001).((The(anatomic(site(for(which(
training(was(most(important(for(correct(scoring(was(oral(bleeding((82.9%(with(training,(47.6%(
without;(p(<0.0001).((Similarly,(scoring(of(ocular((75.2%(with(training,(58.1%(without;(p=0.0097)(
and(cutaneous(bleeding((84.8%(with(training,(66.7%(without;(p=0.003)(were(improved(by(the(
training(course.((Students(with(more(clinical(experience(were(better(able(to(apply(the(DOGiBAT(
correctly((fourth(years,(84.2%;(third(years,(80.1%;(p(<0.0149).((An(inverse(correlation(was(found(
between(platelet(count(and(DOGiBAT(score,(except(in(severely(thrombocytopenic(dogs(with(
platelet(counts(under(30,000(μl.(
Conclusions(and(Clinical(Importance:!Our(study(suggests(that(the(DOGiBAT(is(simple(
scoring(tool(for(classification(of(bleeding(severity(in(dogs(with(ITP.(A(short(computerized(
training(course(was(shown(to(improve(the(accuracy(and(consistency(of(DOGiBAT(scoring.(
Adoption(of(the(DOGiBAT(scoring(system(for(future(clinical(trials(of(canine(ITP(patients(will(
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facilitate(more(rigorous(assessment(of(treatmentUeffect(based(on(standardized(bleeding(
outcomes.(
Introduction(
Immune(thrombocytopenia((ITP)(is(a(relatively(common(cause(of(significant(
thrombocytopenia(in(dogs.1((ITP(occurs(when(antiplatelet(antibodies(bound(to(the(platelet(
surface(lead(to(their(premature(destruction(by(the(reticuloendothelial(system.(ITP(is(considered(
idiopathic(or(primary(when(diagnostic(evaluation(yields(no(apparent(underlying(cause(or(
trigger,(and(secondary(when(an(underlying(cause(is(found.((Mortality(rates(reported(with(ITP(
have(ranged(from(3(to(30%.2,3,4(((Glucocorticoids(administered(at(immunosuppressive(doses(are(
the(mainstay(of(treatment.((Many(adjunctive(treatments(have(been(suggested,(but(prospective(
evaluation(of(their(efficacy(beyond(steroids(alone(is(limited.(Additionally,(there(are(clear(risks(
associated(with(overUtreatment,(including(adverse(effects(of(medications,(immune(suppression,(
and(potentially(hypercoagulability.5((Some(of(the(difficulty(in(prospectively(evaluating(
treatment(of(ITP(can(be(attributed(to(the(lack(of(a(standardized(method(of(assessing(outcome.((
Several(studies(have(used(platelet(recovery(time(as(the(primary(outcome(measure,(typically(
with(the(time(to(reach(a(platelet(count(greater(than(40,000(platelets(/(μl(as(the(primary(
endpoint.3,6,7(Other(study(endpoints(evaluated(have(included(diseaseUrelated(mortality,(adverse(
treatment(reactions,(cost,(hospitalization(time,((and(transfusion(requirements.3,6,7(Platelet(
count(has(been(shown(to(be(poorly(correlated(with(both(clinical(bleeding(and(with(survival(in(
dogs.2(O’Marra(et(al.(found(that(initial(platelet(count(and(lowest(platelet(count(recorded(during(
hospitalization(were(not(associated(with(survival(to(discharge.2((The(presence(of(melena(at(
admission(was(associated(with(increased(transfusion(requirements(and(with(failure(to(survive(
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to(discharge.((Platelet(counts(were(similar(between(dogs(that(had(melena(and(those(without(
melena.2(Humans(with(ITP(have(also(been(shown(to(have(heterogeneity(in(their(bleeding(
phenotypes,(especially(when(platelet(count(is(under(30,000(platelets(/(μl.8(Due(to(the(variable(
bleeding(in(canine(ITP(and(its(inconsistent(correlation(with(platelet(count,(an(objective(method(
of(bleeding(assessment(is(needed.(A(bleeding(score(metric(will(help(to(objectively(assess(
treatment(efficacy(in(multicenter(clinical(trials,(stratify(patients(according(to(their(bleeding(
severity,(and(individualize(treatment(based(on(a(patient’s(bleeding(risk.(Our(primary(objective(
in(this(study(was(to(develop(and(validate(a(novel(canine(ITP(bleeding(assessment(tool.((Other(
study(objectives(were(to(develop(a(training(deck(to(instruct(users(of(the(DOGiBAT(on(its(correct(
implementation,(and(to(apply(the(DOGiBAT(to(clinical(cases(of(canine(thrombocytopenia.! (
We(hypothesized(that(the(use(of(the(DOGiBAT(will(standardize(bleeding(severity(scoring,(
allowing(for(consistency(among(clinicians,(and(that(reviewing(a(training(deck(will(improve(
veterinary(students’(ability(to(correctly(assign(bleeding(severity(scores(to(case(examples.(Finally,(
we(hypothesized(that(in(clinical(canine(cases(of(thrombocytopenia,(DOGiBAT(score(and(platelet(
count(would(be(inversely(correlated(except(in(severely(thrombocytopenic(dogs(with(counts(less(
than(30,000(platelets(/(μl.(
Materials(and(Methods((
A(novel(bleeding(assessment(tool,(the(DOGiBAT,(was(developed(for(canine(ITP((Table(1).((!
This(tool(was(modelled(after(the(ITP(Bleeding(Scale((IBLS)(due(to(its(simplicity(and(validation(in(
humans.((The(DOGiBAT(comprised(nine(different(anatomic(sites((cutaneous,(
catheter/venepuncture(bleeding,(oral(mucosa,(intraocular,(epistaxis,(gastrointestinal,(urinary,(
pulmonary,(and(intracranial).((Each(anatomic(site(was(given(a(siteUspecific(bleeding(grade(of(0(
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(none),(1((mild),(or(2((severe),(with(the(exception(of(pulmonary(and(intracranial(that(were(given(
only(grades(of(0(or(2.((
A(computerUbased(training(deck(was(developed(for(application(of(the(DOGiBAT(to(score(
clinical(cases.(The(training(course(initially(introduces(the(participant(to(general(principles(of(
scoring(within(the(DOGiBAT(bleeding(tool,(and(then(provides(pictures(from(clinical(cases(
demonstrating(to(the(participant(the(appearance(of(each(bleeding(grade(at(each(anatomic(site.((
A(caseUbased(quiz(set(of(still(images(was(then(developed,(using(images(from(clinical(
cases.((A(caseUbased(quiz(was(utilized(to(assess(the(trainees’(ability(to(apply(the(DOGiBAT(tool(
rather(than(clinical(cases(for(consistency(across(a(multicenter(study.((The(quiz(provided(the(user(
with(clinical(case(details(and(images(to(completely(score(three(cases(using(the(DOGiBAT.((
Study(design(
This(study(consisted(of(three(phases.((In(phase(1,(clinicians(and(technicians(were(
provided(the(training(deck,(after(which(they(completed(a(caseUbased(quiz(to(assess(their(
implementation(of(the(DOGiBAT.(
In(phase(2,(third(and(fourth(year(veterinary(students(volunteers((n=70)(were(
randomized(to(take(the(quiz(with((n=35)(or(without((n=35)(the(training(in(order(to(assess(the(
effectiveness(of(the(training(deck.(The(study(protocol(was(considered(exempt(by(the(Iowa(State(
University(Institute(Review(Board.(
In(phase(3,(the(clinicians(who(had(received(training(on(correct(implementation(of(the(
DOGiBAT(in(phase(1(applied(the(DOGiBAT(bleeding(tool(to(clinical(cases(as(part(of(a(larger(
multicenter(study(of(canine(thrombocytopenia.((Canine(patients(presenting(to(Iowa(State(
University((ISU),(Cornell(University(Hospital(for(Animals((CUHA),(and(Cornell(University(
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Veterinary(Specialists((CUVS)(with(a(platelet(count(of(less(than(50,000(platelets(/(μl(due(to(any(
underlying(etiology(were(enrolled(with(client(consent.((Cases(were(excluded(if(they(had(
received(glucocorticoids(for(a(period(of(greater(than(48(hours(at(the(time(of(enrolment,(if(they(
had(received(any(other(immunosuppressive(therapies,(or(if(body(weight(was(under(3(kg.(
Enrolled(cases(were(separated(into(three(groups(based(on(underlying(etiology(of(the(
thrombocytopenia,(which(were(primary(immune((PI),(secondary(immune((SI),(and(nonUimmune(
(NI).((Categorization(was(determined(through(discussion(between(three(of(the(authors((K.M.,(
D.L.,(and(M.B.)(and(was(based(on(results(of(diagnostic(testing(performed(at(the(attending(
clinician’s(discretion.((Treatment(decisions(for(the(clinical(cases(were(at(the(discretion(of(the(
attending(clinician.((Enrolled(cases(were(scored(daily(using(the(DOGiBAT,(from(time(of(
enrolment(until(discharge(from(the(hospital,(death(or(euthanasia,(or(until(a(maximum(of(7(days.(
The(study(was(approved(by(the(Institutional(Animal(Care(and(Use(Committees(of(ISU(and(CUHA.(
Statistical(Analysis(
Sample(size(calculations(were(performed(using(online(resourcesa,b(to(determine(the(
number(of(students(needed(per(group((students(with(access(to(the(training(deck(and(students(
that(were(not(given(access(to(the(training(deck)(to(determine(a(significant(difference.(Pilot(data(
was(utilized(from(10(veterinary(students(who(scored(3(cases((cluster(size(30)(with(a(baseline(
correct(response(rate(of(75%.(Using(independent(samples,(an(alpha(=(0.05,(and(80%(power,(the(
required(sample(size(to(detect(a(significant(difference((defined(as(a(20%(increase(in(number(of(
correct(scores)(between(the(two(groups(was(calculated.((When(sample(sizes(were(adjusted(for(
clustering(by(students((i.e.(each(student(answers(multiple(questions),(and(assuming(an(
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intraclass(correlation(of(0.75,(the(required(sample(size(was(determined(to(be(35(students(in(the(
trained(group(and(35(students(in(the(untrained(group.((
Quiz(site(scores(were(considered(correct(if(they(agreed(with(the(investigators’(preU
specified(classification.(The(frequency(of(correct(scores(was(compared(between(trained(and(
untrained(students.(A(logistic(regression(model(was(used(to(assess(the(association(between(
training(and(score,(while(adjusting(for(correlated(responses(from(sites(within(cases.((
Results(
In(the(first(phase(of(this(project,(clinicians((n=13)(and(technicians((n=3)(taking(the(caseU
based(quiz(following(training(were(able(to(correctly(apply(the(DOGiBAT,(scoring(100%(of(
responses(correctly.((
In(the(second(phase(of(this(project,(70(veterinary(students(were(administered(the(caseU
based(quiz,(after(having(been(randomized(to(either(receive(the(training(deck((n=35)(or(no(
training((n=35).((Of(the(students(that(received(training,(17/35(were(third(year(veterinary(
students(and(18/35(were(fourth(year(veterinary(students.(Of(the(students(that(received(no(
training,(18/35(were(third(year(veterinary(students(and(17/35(were(fourth(year(veterinary(
students.(((Students(that(received(training(correctly(scored(86.1%(of(responses,(compared(to(
only(78.2%(of(responses(from(students(that(did(not(receive(training.(The(odds(of(trained(
students(giving(correct(answers(were(higher(than(untrained(students((p(<0.0001).((The(
anatomic(site(for(which(training(was(most(important(for(correct(scoring(was(oral(bleeding(
(82.9%(with(training,(47.6%(without;(p(<0.0001).((Similarly,(correct(scoring(of(ocular((75.2%(with(
training,(58.1%(without;(p=0.0097)(and(cutaneous(bleeding((84.8%(with(training,(66.7%(
without;(p=0.003)(were(improved(by(access(to(the(training(course.((Students(with(more(clinical(
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experience(were(better(able(to(apply(the(DOGiBAT(correctly((fourth(years,(84.2%;(third(years,(
80.1%;(p(<0.0149).(
In(the(third(phase(of(this(project,(the(DOGiBAT(was(utilized(for(daily(assessment(of(
bleeding(in(a(large(multicenter(study(of(canine(thrombocytopenia.(Dogs((n=61)(with(platelet(
counts(of(under(50,000(platelets(/(μl,(regardless(of(etiology,(were(enrolled.((These(cases(were(
later(categorized(based(on(results(of(diagnostic(testing(as(primary(immuneUmediated((PI;(34/61;(
56%),(secondary(immuneUmediated((SI;(17/61;(28%),(or(nonUimmuneUmediated((NI;(10/61;(
16%).((On(admission(to(the(hospital,(PI(dogs(had(higher(mean(total(DOGiBAT(scores((5)(than(SI(
dogs((2.6)(or(NI(dogs((3).((Figure(2).((Platelet(counts(on(admission(were(also(lower(in(the(PI(dogs(
(12,824(platelets(/(μl)(than(the(SI(dogs((22,200(platelets(/(μl)(or(NI(dogs((21,000(platelets(/(μl).((
The(most(common(anatomic(sites(of(bleeding(on(enrolment(in(the(study(were(cutaneous(
bleeding((62%(of(enrolled(dogs),(followed(by(oral(mucosa((51%),(gastrointestinal((41%)(and(
urinary((41%).(A(negative(correlation(existed(between(platelet(count(and(DOGiBAT(score(
(Figure(3A),(but(this(negative(correlation(was(less(strong(when(only(evaluating(bleeding(scores(
on(days(platelet(count(was(under(30,000(platelets(/(μl.((Figure(3B).(
Discussion(
There(are(several(bleeding(scores(used(in(the(human(literature.((The(World(Health(
Organization(Bleeding(Scale(is(simple(and(easy(to(implement.9(However,(it(was(originally(
designed(for(use(in(human(patients(undergoing(chemotherapy(and(must(be(extrapolated(for(
use(in(other(patients.((Additionally,(it(contains(somewhat(subjective(terms(such(as(“mild”(and(
“gross”(that(are(not(defined(within(the(scoring(system.((In(contrast,(the(International(Working(
Group(on(ITP(in(humans(recently(established(a(bleeding(score,(the(ITPUBAT.10((This(bleeding(
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score(is(rigorous(and(thorough,(but(complicated(and(impractical(to(implement(in(clinical(
practice,(taking(an(average(of(15(minutes(to(thoroughly(score(an(individual(patient.((A(third(
bleeding(score,(the(ITP(Bleeding(Scale((IBLS)(is(simple,(yet(complete,(consisting(of(nine(anatomic(
sites.8(
In(humans(with(ITP,(the(IBLS(correlates(well(with(platelet(count;(however,(this(
correlation(does(not(persist(when(platelet(count(is(under(30,000(platelets(/(μL.8((Due(to(the(
simple(yet(thorough(nature(of(the(IBLS(and(its(validation(with(human(ITP,(the(DOGiBAT(was(
modelled(after(this(bleed(score.((
The(bleeding(score(developed(in(this(study,(the(DOGiBAT,(was(validated(with(clinicians(
and(technicians(by(use(of(a(caseUbased(quiz(utilizing(details(and(images(from(clinical(cases.((A(
caseUbased(quiz(was(utilized(for(the(validation(for(consistency(between(clinicians(and(between(
institutions,(since(this(was(a(multicenter(project.(((
A(training(module(was(utilized(to(instruct(the(user(of(the(DOGiBAT(on(its(correct(
implementation.(To(demonstrate(the(effectiveness(of(the(training(deck,(third(and(fourth(year(
veterinary(student(volunteers(were(randomized(to(take(the(caseUbased(quiz(having(either(
received(training(or(with(no(training.((Veterinary(students(were(utilized(as(a(large(population(of(
individuals(that(were(less(experienced(than(clinicians,(and(therefore(more(likely(to(benefit(from(
additional(training.((We(found(that(students(who(received(training(scored(more(correct(
responses(than(those(who(had(received(no(training.((Certain(anatomic(sites((oral(cavity,(ocular,(
and(cutaneous)(were(most(affected(by(having(access(to(training.(It(is(not(unexpected(that(
certain(sites(may(be(more(affected(by(access(to(the(training(deck,(as(some(anatomic(site(
bleeding(grades(are(inherently(easier(to(understand(without(training((e.g.(presence(or(absence(
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of(epistaxis)(than(others((e.g.(funduscopic(bleeding(or(hyphema(with(ocular(bleeding).((As(the(
training(deck(provides(the(user(a(written(definition(and(pictorial(example(of(each(bleeding(
grade(at(each(anatomic(site,(it(may(help(clarify(grading(sites(that(are(less(clear.(
In(this(study,(we(found(that(clinical(experience(was(beneficial(for(the(correct(
implementation(of(the(DOGiBAT.((Clinicians(and(technicians,(following(review(of(the(provided(
training(deck,(were(able(to(score(100%(of(responses(correctly,(likely(due(to(the(clinical(
experience(of(these(individuals.(We(also(determined(that(fourth(year(veterinary(students(
scored(more(responses(correctly(compared(with(third(year(veterinary(students,(independent(of(
their(access(to(the(training(deck.(This(is(suspected(to(be(due(to(the(clinical(experience(that(
fourth(year(veterinary(students(gain(from(their(clinical(rotations(during(their(senior(year.(
The(DOGiBAT(was(easy(to(implement(in(clinical(practice(when(scoring(patients(with(ITP(
or(other(significant(causes(of(thrombocytopenia.(Similar(to(what(is(seen(in(human(ITP(patients,8(
we(found(a(negative(correlation(between(bleed(score(and(platelet(count((in(other(words,(a(
lower(platelet(count(was(associated(with(a(higher(DOGiBAT(score).((However,(this(correlation(
was(less(apparent(when(only(bleed(scores(from(days(with(platelet(counts(of(less(than(30,000(
platelets(/(μl.(
The(exact(mechanisms(for(the(heterogeneity(in(bleeding(phenotypes(between(patients(
with(similar(platelet(counts(have(yet(to(be(determined.(Several(reasons(have(been(proposed,(
including(differences(in(platelet(activation,11(interference(of(antibodies(with(platelet(
function12,13,(the(effects(of(anemia(on(platelet(function,(abnormalities(with(the(vasculature,14(
presence(of(procoagulant(microparticles,15,16(and(abnormalities(of(other(components(of(
hemostasis.((
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There(were(some(limitations(to(this(study.((First,(the(validation(of(the(DOGiBAT(used(a(
caseUbased(quiz(rather(than(actual(clinical(cases.((However,(this(allowed(for(a(consistent(
method(of(assessing(correct(implementation(of(the(DOGiBAT(across(multiple(institutions.((
Additionally,(data(from(the(larger(clinical(study(of(canine(thrombocytopenia(suggests(validation(
with(clinical(cases.((Second,(the(DOGiBAT(total(score(is(not(intended(to(be(directly(correlated(
with(clinical(severity,(as(the(severity(of(bleeding(at(each(site(is(not(necessarily(equivalent.(A(
truly(summative(score(would(be(ideal,(but(would(require(assigning(a(“severity(factor”(to(each(
site.((In(the(absence(of(large(studies(with(extensive(followUup(data,(this(would(be(arbitrary.(
Our(study(suggests(that(the(DOGiBAT(is(simple(scoring(tool(for(classification(of(bleeding(
severity(in(dogs(with(ITP.(A(short(computerized(training(course(was(shown(to(improve(the(
accuracy(and(consistency(of(DOGiBAT(scoring.(In(clinical(cases(of(thrombocytopenia,(DOGiBAT(
score(and(platelet(count(were(inversely(correlated(except(in(severely(thrombocytopenic(dogs(
(platelet(count(less(than(30,000(platelets(/(μl),(similar(to(the(association(between(IBLS(score(
and(platelet(count(in(humans(with(ITP.8(Adoption(of(the(DOGiBAT(scoring(system(for(future(
clinical(trials(of(canine(ITP(patients(will(facilitate(more(rigorous(assessment(of(treatmentUeffect(
based(on(standardized(bleeding(outcomes.(
 (
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Footnotes(
a(OpenEpi,(Atlanta,(GA(
b(http://www.stat.ubc.ca/~rollin/stats/ssize/b2.html(
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Figures(
!
Fig$1:$Mean(DOGiBAT(scores(on(enrolment(into(the(study.(PI(–(primary(immune?mediated;(SI(–(secondary(immune?
mediated;(NI(–(non?immune?mediated.(
( (
(!!
!
$ $ $$$$$$$$$$$$$$(A)( ( ( ( ( (((((((((((((((B)(
$
Fig$2:$$Daily(DOGiBAT(score(versus(platelet(count((platelets/μL)(when(all(scores(and(platelet(counts(included((A)(
and(when(only(DOGiBAT(scores(on(days(where(platelet(count(<(30,000/μL(included((B).(! !
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Tables(
Table&1.!The!canine!immune!thrombocytopenia!daily!bleeding!assessment!tool!(DOGiBAT).!!!!
Site( Bleeding$grade(
( 0$ 1$ 2$
Skin$$ No(
Petechiae(/(
ecchymoses(
Single(site(
Petechiae/(
ecchymoses((
>(1(anatomic(site(
Catheter/venipuncture/
other$cutaneous$bleed$ No(
Self?limiting(/((
<(5(min(
>(5(min(and/or(
intervention(to(
control(
Oral$mucosa$$ No( Petechiae(( Frank(hemorrhage(
Intraocular$$ No( Funduscopic(( Hyphema(
Epistaxis$$ No( Unilateral(and((<(5(min(
Bilateral(or((
>(5(min(
Gastrointestinal$$
Occult(blood?(
(Hema?chek™(
Guaiac(?)(
Occult(blood+((Hema?
chek™(
Guaiac(+)(
Hematemesis,(
hematochezia,((
melena(
Urinary$$ No( Microscopic((dipstick)( Macroscopic(
Pulmonary$
(suspected/observed)$ No( N/A( Yes(
Intracranial$
hemorrhage$
(suspected/observed)$
No( N/A( Yes(
 !!
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CHAPTER!3.!COATED!PLATELET!POTENTIAL!IN!CANINE!CANCER!PATIENTS!
Kelly!M.!Makielski,!Unity!Jeffery,!Leslie!E.!Fox,!Chad!M.!Johannes,!Ashley!J.!Graef,!Jong!H.!Kim,!
Brian!D.!Husbands,!Jaime!F.!Modiano,!Dana!N.!LeVine!
A!paper!to!be!submitted!to!the!Journal!of!Veterinary!Internal!Medicine!
Abstract!
Introduction:!Neoplasia!is!associated!with!an!increased!risk!of!thrombosis.!Coated!
platelets!are!a!platelet!subpopulation!formed!by!stimulation!with!thrombin!and!a!glycoprotein!
(GP)!VI!agonist,!such!as!convulxin.!They!display!increased!proTcoagulant!surface!proteins!and!
enhanced!thrombin!generation,!and!increased!coated!platelets!are!associated!with!thrombosis!
in!humans.!We!hypothesized!that!dogs!with!neoplasia!produce!more!coated!platelets!than!
healthy!control!dogs.!
Materials!&!Methods:!ClientTowned!dogs!diagnosed!with!lymphoma/leukemia!(n=20)!or!
solid!tumors!(n=14)!were!compared!with!healthy!controls!(n=14).!Platelets!were!stimulated!ex#
vivo!with!thrombin!and!convulxin.!!Flow!cytometry!was!used!to!quantify!the!percentage!of!
coated!platelets!based!on!high!levels!of!surface!fibrinogen.!An!ANOVA!followed!by!an!
uncorrected!Fisher’s!LSD!test!was!used!to!compare!coated!platelet!percentages!between!the!
groups.!
Results:!Healthy!control!dogs!(mean!30.81%;!range!15.07!–!49.53%)!produced!
significantly!lower!coated!platelets!than!dogs!with!solid!tumors!(mean!41.7%;!range!26.27!–!
56.47%;!p!=!0.0328),!but!not!dogs!with!lymphoma/leukemia!(mean!31.4%;!range!4.47!–!63.03%;!
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p!=!0.8974).!!When!dogs!in!remission!were!excluded,!there!was!no!significant!difference!in!
percentage!of!coated!platelets!between!healthy!controls!(mean!30.81%)!and!dogs!with!solid!
tumors!(n=12;!mean!41.39%;!p!=!0.0542)!or!lymphoma/leukemia!(n=13;!mean!28.4%;!p!=!
0.646).!!
Conclusions:!This!data!suggests!that!coated!platelet!potential!may!be!higher!in!dogs!
with!solid!tumors!compared!to!healthy!controls.!!Further!studies!investigating!coated!platelets!
in!specific!subsets!of!neoplasia!and!investigating!additional!mechanisms!of!hypercoagulability!in!
dogs!with!neoplasia!are!warranted.!
Introduction!
Dogs!and!humans!with!neoplasia!have!an!increased!risk!of!venous!thromboembolism!
(VTE),!which!has!the!potential!to!significantly!impact!morbidity!and!mortality.!!Human!cancer!
patients!have!a!4T!to!7Tfold!increased!relative!risk!of!VTE!compared!to!healthy!humans.1T6!While!
VTE!events!can!be!asymptomatic!and!discovered!incidentally!during!cancer!staging,1,7T10!they!
can!also!contribute!significantly!to!patient!morbidity!and!mortality.!Mortality!in!human!cancer!
patients!with!a!history!of!VTE!was!26%,!compared!to!4%!in!those!without!documented!VTE.11!!
VTE!has!been!identified!as!one!of!the!leading!causes!of!mortality!in!human!cancer!patients.11,12!
In!a!prospective!observational!study!of!causes!of!mortality!in!human!cancer!patients!receiving!
chemotherapy,!thrombosis!was!the!second!most!common!cause!of!mortality!behind!
progression!of!cancer.12!Neoplasia!is!the!most!common!underlying!disease!in!dogs!with!
documented!thrombotic!events,!both!venous!and!arterial.13T18!The!exact!mechanisms!of!the!
hypercoagulability!associated!with!neoplasia!are!incompletely!understood,!and!are!likely!
multifactorial.!!!
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Coated!platelets!are!a!subpopulation!of!platelets!that!are!formed!ex#vivo!after!dual!
stimulation!with!thrombin!and!a!glycoprotein!(GP)!VI!agonist.!!The!surface!of!coated!platelets!is!
coated!with!proTcoagulant!glycoproteins!and!alpha!granule!contents,!bridged!by!serotonin.19!
Coated!platelets!have!an!enhanced!ability!to!generate!thrombin!production,!making!them!
highly!activated.!This!amplified!thrombin!production!may!play!a!role!in!the!propagation!of!VTE.!
Increased!coated!platelet!potential!is!associated!with!an!increased!risk!of!thromboembolic!
disease.!Humans!with!ischemic!stroke!history!produce!a!greater!percentage!of!coated!platelets!
when!compared!with!healthy!controls.20T22!!Conversely,!decreased!coated!platelet!potential!is!
associated!with!increased!clinical!bleeding.!Humans!with!hemorrhagic!stroke!history!form!
decreased!coated!platelets!compared!with!healthy!controls.23!Dogs!with!canine!Scott!syndrome!
have!a!decreased!ability!to!form!coated!platelets,!which!is!associated!with!increased!clinical!
bleeding.24!!Additionally,!humans!on!serotoninTspecific!reuptake!inhibitors!(SSRIs)!have!a!
tendency!to!form!fewer!coated!platelets.25!!Humans!on!SSRIs!also!have!a!mild!increase!in!
bleeding!tendency!and!a!mildly!reduced!risk!of!VTE,!likely!due!to!the!role!of!serotonin!in!the!
formation!of!coated!platelets.!!
The!role!of!coated!platelets!in!VTE!in!dogs!with!neoplasia!is!not!known.!!If!coated!platelets!are!found!to!play!a!role!
in!VTE!in!dogs!with!neoplasia,!they!could!represent!a!potential!therapeutic!target.!!
The!primary!objective!of!this!study!was!to!evaluate!coated!platelet!potential!in!dogs!
with!neoplasia!compared!with!healthy!control!dogs.!It!was!hypothesized!that!dogs!with!
neoplasia!would!produce!a!greater!percentage!of!coated!platelets!when!compared!with!healthy!
control!dogs.!!
!
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Materials!and!Methods!
Animals#
ClientTowned!dogs!presenting!to!a!veterinary!teaching!hospital!with!a!cytologic!or!
histopathologic!diagnosis!of!lymphoma/leukemia!or!solid!tumors!(e.g.!carcinoma,!sarcoma,!
etc.)!were!recruited!for!inclusion!in!the!study.!!StaffT!and!studentTowned!dogs!that!were!free!of!
disease!and!not!on!any!medications!other!than!standard!preventative!treatments!were!
recruited!as!healthy!control!dogs.!!Dogs!were!excluded!from!enrollment!in!any!group!if!body!
weight!was!less!than!5kg!or!if!they!had!received!any!anticoagulant!or!antiplatelet!medications!
(e.g.!nonTsteroidal!antiTinflammatory!medications)!within!the!96!hours!preceding!sampling.!!All!
diagnostic!and!therapeutic!plans!were!at!the!discretion!of!the!attending!clinician.!!Dogs!were!
included!regardless!of!disease!status,!but!were!separated!into!groups!based!on!their!clinical!
remission!status!for!data!analysis!(either!remission!or!nonTremission).!Dogs!in!the!lymphoma!
group!were!classified!with!regards!to!clinical!stage!and!substage!according!to!the!World!Health!
Organization!(WHO)!clinical!staging!system!for!lymphoma!in!domestic!animals!(Table!1).!!Stage!
was!determined!based!on!physical!exam!and!standard!diagnostic!testing.!Many!dogs!did!not!
have!complete!staging!performed,!and!were!categorized!according!to!available!information.!
Substage!was!determined!by!the!attending!clinician.!Dogs!were!included!independent!of!
whether!they!were!receiving!chemotherapy!treatment.!All!procedures!were!approved!by!the!
Institutional!Animal!Care!and!Use!Committees!of!Iowa!State!University!and!the!University!of!
Minnesota.!
#
#
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Coated#platelet#assay##
A!sample!of!venous!blood!was!collected!into!a!syringe!containing!acidTcitrate!dextrose!
(ACD).!Samples!of!serum!and!citrated!plasma!were!also!obtained!and!banked!for!later!use.!To!
generate!platelet!rich!plasma!(PRP)!for!flow!cytometry!reactions,!the!ACD!blood!was!combined!
with!an!equal!volume!of!buffered!saline!glucose!citrate!(BSGC;!129!mM!NaCl,!14!mM!Na3citrate,!
11!mM!glucose,!10!mM!NaH2PO4,!pH!7.3)!and!centrifuged!at!170!G!for!8!minutes!at!room!
temperature!(21°C).!The!supernatant!PRP!was!harvested!and!flow!cytometry!reactions!were!
performed!within!4!hours.!
All!activation!experiments!were!performed!in!a!100!μl!(total)!assay!volume!containing!1!
μl!PRP!and!the!following!reagents!(final!concentrations):!2.5!mM!CaCl2,!1.25!mM!MgCl2,!1!μg/ml!
biotinTfibrinogen!(gift!of!George!Dale,!University!of!Oklahoma),!2.5!μg/ml!rattlesnake!toxin!(gift!
of!George!Dale,!University!of!Oklahoma),!0.5!U/ml!bovine!thrombin,!0.1!mM!glyTproTargTproT
NH2,!150!mM!NaCl,!and!10!mM!HEPES,!pH!7.5.!The!reaction!tubes!were!incubated!at!37°C!for!
10!minutes,!and!individually!labeled,!as!previously!described,24,26T29!with!the!following!specific!
markers!of!coated!platelets:!phycoerythrinTstreptavidin!(PETSA)!and!fluorescein!isothiocyanateT
abciximab!(FITCTabx)!to!label!surface!bound!biotinylated!fibrinogen!and!identify!platelets.!!
Flow!cytometry!was!then!performed!on!a!BD!FACSCcan!(BD!Biosciences,!Spark,!MD)!or!
BD!LSR!II/Fortessa!(BD!Biosciences,!Spark,!MD)!flow!cytometer.!Platelets!were!first!identified!by!
the!forward!and!side!scatter!properties!(Figure!1A)!and!then!based!on!FITCTabx!positivity!
(Figure!1B).!Within!the!platelet!population,!coated!platelets!were!identified!and!gated!based!on!
their!PETSA!positivity!(Figure!1C).!All!flow!cytometry!data!analysis!was!performed!with!FlowJo!
(Tree!Star!Inc.,!Ashland,!OR).!
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Statistics#
Sample!sizes!were!calculated!prior!to!study!initiation.!Sample!sizes!were!calculated!to!
detect!a!10%!difference!between!cases!and!controls,!a!difference!approximate!to!that!
previously!detected!between!normal!people!and!those!with!ischemic!stroke,20T22!with!80%!
power!and!an!alpha!of!0.05.!!Calculations!were!performed!using!the!standard!deviation!of!a!
published!coated!platelet!assay.30!Based!on!these!calculations,!it!was!determined!that!each!of!
the!three!groups!(healthy!control!dogs,!dogs!with!lymphoma!or!leukemia,!and!dogs!with!solid!
tumors)!needed!to!contain!13!dogs!to!detect!a!significant!difference.!
Three!of!the!reaction!tubes!contained!identical!reagents,!and!therefore!were!considered!
technical!replicates!and!averaged.!Results!were!discarded!if!one!of!the!technical!replicates!was!
considered!an!outlier!compared!to!the!other!two!(defined!as!a!difference!of!>10%!coated!
platelets)!or!if!assay!failure!occurred.!
A!D’Agostino!and!Pearson!test!failed!to!reject!normality.!An!ANOVA!followed!by!an!
uncorrected!Fisher’s!LSD!test!was!used!to!compare!the!percentage!of!coated!platelets!between!
the!three!groups.!PTvalue!set!at!0.05.!
A!MannTWhitney!test!was!used!to!compare!platelet!counts!between!lymphoma!dogs!
and!dogs!with!solid!tumors,!using!a!pTvalue!of!0.05.!
Results!
In!total,!54!dogs!were!screened!for!enrollment!in!the!study!and!48!were!enrolled.!The!
48!dogs!included!in!the!study!consisted!of!healthy!controls!(n=14),!dogs!with!a!diagnosis!of!
lymphoma/leukemia!(n=20),!and!dogs!with!solid!tumors!(n=14).!!Clinical!characteristics!of!the!
healthy!control!dogs!are!listed!in!Table!2.!The!healthy!control!dogs!had!a!mean!age!of!5.0!years!
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(range!1!–!9!years),!and!consisted!of!7!spayed!females!(50%)!and!7!castrated!males!(50%).!!
Breeds!represented!in!the!healthy!control!group!were!mixed!breed!(n=3),!Australian!shepherd!
(n=2),!pit!bull!terrier!(n=2),!Labrador!retriever!(n=2),!and!1!each!of!German!wirehaired!pointer,!
roughTcoated!collie,!Golden!retriever,!greyhound,!and!border!collie.!
Clinical!characteristics!of!the!lymphoma/leukemia!dogs!are!listed!in!Table!3.!Of!the!dogs!
in!the!lymphoma/leukemia!group,!19/20!had!lymphoma!and!1/20!had!leukemia.!!Of!the!dogs!
with!a!diagnosis!of!lymphoma/leukemia,!13!were!considered!to!have!clinical!disease!at!the!time!
of!enrollment!and!7!were!considered!in!clinical!remission.!!Dogs!in!the!lymphoma!group!had!a!
mean!age!of!9.2!years!(range!3!–!15!years),!and!consisted!of!9!spayed!females!(45%),!9!
castrated!males!(45%),!1!intact!female!(5%),!and!1!intact!male!(5%).!!Breeds!represented!in!the!
lymphoma!group!included!beagle!(n=2),!golden!retriever!(n=2),!and!1!each!of!Vizsla,!Bernese!
mountain!dog,!mixed!breed,!Doberman,!Jack!Russell!terrier,!border!collie,!boxer,!
Newfoundland,!standard!poodle,!Cairn!terrier,!German!shorthair!pointer,!Chow!Chow,!Cocker!
spaniel,!German!shepherd,!basset!hound,!and!Irish!setter.!!Diagnosis!of!lymphoma!was!most!
commonly!based!on!a!combination!of!cytology!and!clonality!testing!(n=13),!followed!by!
histopathology!(n=5),!then!cytology!alone!(n=2).!The!most!common!WHO!Stage!at!the!time!of!
diagnosis!of!lymphoma!was!Stage!III!(n=9),!followed!by!Stage!V!(n=5),!Stage!IV!(n=2),!and!Stage!
II!(n=2).!At!the!time!of!diagnosis,!10!dogs!were!considered!substage!b,!and!9!dogs!were!
substage!a.!!One!dog!had!chronic!lymphocytic!leukemia!(CLL),!and!therefore!the!WHO!Clinical!
Staging!System!was!not!applicable.!Immunophenotyping!was!consistent!with!BTcell!neoplasia!in!
10!cases!and!TTcell!neoplasia!in!5!cases.!Immunophenotype!was!not!available!in!4!dogs!with!
lymphoma.!!The!one!dog!with!a!diagnosis!of!CLL!had!an!immunophenotype!consistent!with!TT
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cell!leukemia.!Twelve!of!the!lymphoma!dogs!were!receiving!chemotherapy!at!the!time!of!
enrollment,!including!5!of!the!13!dogs!that!were!not!in!clinical!remission!and!all!of!the!7!dogs!
that!were!in!clinical!remission.!!The!most!common!chemotherapy!protocol!was!the!CHOP!
protocol!(n=7).!Other!chemotherapy!used!included!a!modified!MOPP!protocol,!chlorambucil,!
vincristine!and!cyclophosphamide,!doxorubicin!and!CCNU,!and!doxorubicin!alone,!each!used!in!
one!dog.!!Eleven!of!the!dogs!were!treated!with!systemic!glucocorticoids!(prednisone!(n=10)!and!
prednisolone!(n=1))!as!part!of!the!CHOP!protocol!(n=7),!MOPP!protocol!(n=1),!concurrently!with!
chlorambucil!(n=1),!concurrently!with!doxorubicin!(n=1),!and!as!the!only!treatment!(n=1)!at!the!
time!of!enrollment.!!
Of!the!dogs!with!solid!tumors,!12!were!considered!to!have!residual!disease!at!the!time!
of!enrollment!and!2!were!considered!in!clinical!remission.!!Clinical!characteristics!of!the!dogs!in!
the!solid!tumor!group!are!listed!in!Table!4.!Dogs!in!the!solid!tumor!group!had!a!mean!age!of!9.4!
years!(range!5!–!13!years),!and!consisted!of!9!castrated!males!(64%),!4!spayed!females!(29%),!
and!1!intact!male!(7%).!!Breeds!represented!in!the!solid!tumor!group!included!mixed!breed!
(n=4),!English!springer!spaniel!(n=2),!Golden!retriever!(n=2),!and!1!each!of!boxer,!Boston!terrier,!
English!setter,!German!shepherd,!Labrador!retriever,!and!Australian!shepherd.!!Diagnosis!of!
neoplasia!in!dogs!with!solid!tumors!was!based!on!histopathology!(n=7),!cytology!(n=2),!or!both!
(n=2).!!One!dog!was!enrolled!that!had!a!presumptive!diagnosis!of!an!insulinoma!based!on!
clinical!signs,!documented!hypoglycemia!with!concurrent!elevated!blood!insulin!levels,!and!
evidence!of!a!pancreatic!mass!on!computed!tomography.!!
Dogs!with!solid!tumors!had!a!variety!of!cytologic!or!histopathologic!tumor!types,!
including!anal!gland!adenocarcinoma!(n=3),!insulinoma!(n=2;!1/2!presumptive!and!1/2!
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confirmed!based!on!histopathology),!osteosarcoma!(n=2),!chrondrosarcoma!(n=2),!and!1!each!
of!mast!cell!tumor,!nasal!adenocarcinoma,!hemangiosarcoma,!oral!melanoma,!oligodendroglial!
ganglioglioma,!and!clear!cell!adnexal!carcinoma.!!One!dog!had!an!oral!melanoma!that!had!been!
surgically!excised!with!incomplete!margins!and!an!anal!gland!adenocarcinoma!diagnosed!the!
day!of!study!enrollment!and!therefore!had!not!been!treated.!!Two!dogs!were!receiving!
chemotherapeutic!treatment!at!the!time!of!enrollment,!including!one!that!had!previously!
received!a!full!course!of!fractionated!radiation!therapy!that!was!receiving!carboplatin!for!anal!
gland!adenocarcinoma,!and!one!dog!with!hemangiosarcoma!that!was!receiving!doxorubicin!and!
an!immunotherapeutic!treatment!as!part!of!an!ongoing!clinical!trial.!The!dog!that!was!receiving!
carboplatin!was!also!receiving!metoclopramide!and!metronidazole!for!chemotherapyTrelated!
side!effects.!!Three!dogs!were!receiving!systemic!glucocorticoids!(prednisone!(n=2)!and!
prednisolone!(n=1)).!!
Treatment!data!for!the!dogs!in!the!lymphoma!group!and!the!dogs!in!the!solid!tumor!
group,!including!concurrent!medical!conditions!and!treatments!unrelated!to!their!cancer,!are!
located!in!Tables!5!(lymphoma/leukemia!dogs)!and!6!(solid!tumor!dogs).!!
When!all!dogs!were!included,!the!percentage!of!coated!platelets!produced!by!dogs!with!
solid!tumors!(mean!41.7%;!range!26.27!–!56.47%)!was!significantly!higher!than!the!percentage!
of!coated!platelets!produced!by!healthy!control!dogs!(mean!30.81%;!range!15.07!–!49.53%;!p!=!
0.0328).!!!However,!there!was!no!significant!difference!between!the!percentage!of!coated!
platelets!produced!by!healthy!dogs!and!dogs!with!lymphoma/leukemia!(mean!31.4%;!range!
4.47!–!63.03%;!p!=!0.8974)(Figure!2A).!
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When!dogs!in!clinical!remission!were!excluded,!there!was!no!significant!difference!in!
percentage!of!coated!platelets!between!healthy!control!dogs!(mean!30.81%)!and!dogs!with!
solid!tumors!(n=12;!mean!41.39%;!p!=!0.0542)!or!lymphoma/leukemia!(n=13;!mean!28.4%;!p!=!
0.646)!(Figure!2B).!
The!average!platelet!count!of!the!cases!included!in!this!study!was!333!x!103!/!μl!
(lymphoma!323!x!103!/!μl;!solid!tumor!349!x!103!/!μl).!!There!was!no!significant!difference!in!
platelet!count!between!dogs!with!lymphoma!and!dogs!with!solid!tumors!(p!=!0.215).!Of!the!
lymphoma!dogs,!3/20!(15%)!had!platelet!counts!outside!of!the!reference!range!(200T500!x!103!/!
μl);!1/3!was!below!the!reference!range!and!2/3!were!above!the!reference!range.!!Of!the!solid!
tumor!dogs,!1/13!(7.7%)!had!a!platelet!count!above!the!reference!range;!none!of!the!solid!
tumor!dogs!had!a!platelet!count!below!the!reference!range.!One!dog!in!the!solid!tumor!group!
did!not!have!a!platelet!count!performed!on!the!day!of!enrollment,!but!historically!had!platelet!
counts!within!the!normal!reference!range.!None!of!the!dogs!included!in!this!study!had!evidence!
of!thrombotic!events!at!the!time!of!enrollment,!historically,!or!after!enrollment!prior!to!the!
completion!of!this!manuscript.!!With!the!exception!of!the!dog!with!hematuria,!which!was!
presumed!secondary!to!either!a!urinary!tract!infection!or!sterile!hemorrhagic!cystitis!secondary!
to!cyclophosphamide,!no!dog!included!in!this!study!had!evidence!of!clinical!bleeding.!!
Discussion!
The!primary!objective!of!this!study!was!to!evaluate!coated!platelet!potential!in!dogs!
with!neoplasia!compared!to!healthy!controls.!!The!data!from!this!study!suggests!that!coated!
platelet!potential!in!dogs!with!solid!tumors!may!be!higher!when!compared!with!healthy!
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controls.!!However,!when!dogs!that!were!in!clinical!remission!were!excluded!from!analysis,!
there!was!no!significant!difference!between!the!three!groups.!
Hypercoagulability!has!been!well!documented!in!both!human!and!canine!cancer!
patients.!!Neoplasia!was!found!to!be!the!most!common!underlying!disease!found!in!dogs!with!
documented!pulmonary!thromboembolism,14,15!portal!vein!thrombosis,16,18!and!splenic!vein!
thrombosis.31!Though!the!data!from!this!study!did!not!document!a!definitive!role!for!coated!
platelets!in!all!canine!neoplasia,!there!is!still!much!to!be!learned!regarding!the!underlying!
causes!of!the!hypercoagulability!that!is!seen!in!cancer!patients.!In!the!veterinary!literature,!
several!studies!have!documented!a!tendency!toward!hypercoagulability!in!canine!cancer!
patients.!!Andreasen!et#al.!showed!that!hypercoagulability!was!the!most!common!hemostatic!
abnormality!documented!in!canine!cancer!patients,!with!66%!having!parameters!consistent!
with!hypercoagulability.!Carcinoma!patients,!with!the!exception!of!mammary!carcinomas,!had!
increased!clot!strength!on!thromboelastography!(TEG)!and!increased!fibrinogen.!!Dogs!with!
distant!metastases!had!significantly!elevated!fibrinogen!and!dTdimer!levels!compared!to!those!
with!only!local!disease.32!!Another!study!evaluating!TEG!in!dogs!with!neoplasia!found!similar!
results,!with!50%!of!dogs!with!malignant!disease!having!TEG!parameters!consistent!with!
hypercoagulability.33!!Adenocarcinomas!were!the!most!common!neoplasia!associated!with!
hypercoagulability!in!that!study.!!Kol!et#al.#showed!that!88%!of!dogs!with!lymphoma!have!TEG!
parameters!consistent!with!hypercoagulability,!and!the!tendency!toward!hypercoagulability!
persisted!throughout!treatment!and!for!up!to!a!month!after!clinical!remission!was!attained.!
Accelerated!clot!formation!at!the!end!of!the!chemotherapy!regimen!was!associated!with!
decreased!survival.34!
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Coated!platelets!have!not!previously!been!evaluated!in!canine!cancer!patients,!and!
were!investigated!as!a!potential!mechanism!for!the!documented!hypercoagulability.!!The!
current!study!showed!that!dogs!with!solid!tumors!formed!a!greater!percentage!of!coated!
platelets!compared!to!healthy!controls!and!dogs!with!lymphoma.!!However,!when!dogs!that!
were!in!clinical!remission!were!excluded,!there!was!no!significant!difference!detected!between!
the!three!groups.!There!are!several!potential!reasons!for!this.!First,!the!data!used!for!sample!
size!calculations!was!from!a!different!study!utilizing!a!slightly!different!assay!for!coated!
platelets30!with!lower!variability!compared!to!this!study.30!!This!could!have!resulted!in!an!
underestimation!of!the!sample!size!needed!to!determine!a!significant!difference,!and!
subsequent!underpowering!of!this!study.!!Alternatively,!the!significant!difference!detected!
could!be!spurious,!and!there!is!no!true!difference!between!the!three!groups,!regardless!of!
remission!status.!!
There!was!no!significant!difference!between!dogs!with!lymphoma!and!healthy!dogs!with!
regards!to!coated!platelet!potential.!!This!is!somewhat!surprising,!given!the!documented!
hypercoagulability!that!has!been!shown!in!dogs!with!lymphoma.!!Reasons!for!this!could!include!
potential!underpowering!of!the!study!due!to!the!high!assay!variability!as!mentioned!previous,!
or!it!could!be!that!the!hypercoagulability!seen!with!lymphoma!is!due!to!another!component!of!
the!coagulation!system.!!Further!studies!investigating!coated!platelets!in!more!homogeneous!
populations!of!dogs!with!neoplasia!are!warranted.!!If!coated!platelets!are!truly!found!to!be!
increased!in!dogs!with!neoplasia,!they!could!represent!an!exciting!new!therapeutic!target.!!
Potential!medical!therapies!targeting!coated!platelets!could!include!glycoprotein!(GP)!VI!
antagonists,!to!block!coated!platelet!formation,!and!SSRIs.!!SSRIs!are!particularly!intriguing!as!a!
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potential!therapy,!as!they!are!readily!available!and!are!relatively!wellTtolerated!by!most!canines!
with!minimal!side!effects.!!Therapies!targeting!coated!platelets!are!likely!to!have!less!
hemorrhagic!side!effects,!as!they!are!targeting!this!very!specific!subset!of!activated!platelets!
rather!than!interfering!with!the!coagulation!cascade!(such!as!with!warfarinTbased!products).!!!
The!cases!enrolled!were!very!heterogeneous!with!regards!to!treatment!status,!with!
some!dogs!having!had!surgical!treatments!of!their!neoplasia,!dogs!that!were!receiving!
chemotherapy,!dogs!that!were!receiving!glucocorticoids,!and!dogs!that!were!receiving!other!
medications.!The!effects!of!each!of!these!treatments!on!coated!platelets!is!not!currently!
known.!It!was!decided!to!include!dogs!that!were!receiving!chemotherapy!and!glucocorticoids!
because!regardless!of!whether!underlying!neoplasia!or!treatment!effects!alter!coated!platelet!
levels!in!dogs!with!cancer,!the!potential!implication!for!thrombotic!outcomes!remains.!!
Endogenous!and!exogenous!glucocorticoids!have!a!documented!association!with!
hypercoagulability!in!both!dogs!and!humans.35T38!The!effect!of!glucocorticoids!on!coated!
platelet!formation!is!currently!not!known.!Human!cancer!patients!receiving!chemotherapy!have!
an!increased!risk!of!thrombotic!disease!compared!to!human!cancer!patients!that!are!not!
receiving!chemotherapy.3,12,39,40!Similarly,!thrombosis!is!also!a!known!potential!complication!
after!cancer!surgery!in!humans.41!!
There!were!several!limitations!to!this!study.!!The!cases!included!in!this!study!were!very!
heterogeneous.!The!dogs!in!the!solid!tumor!group!had!a!variety!of!different!tumor!subtypes,!
and!dogs!in!the!lymphoma!group!had!a!variety!of!different!anatomic!sites!and!clinical!
presentations.!!The!sample!size!for!each!group!was!relatively!small,!especially!considering!the!
heterogeneous!nature!of!the!enrolled!cases.!!Sample!size!calculations!were!performed!prior!to!
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enrollment;!however,!the!data!used!for!sample!size!calculations!was!from!a!different!study!
utilizing!a!slightly!different!assay!for!coated!platelets.30!!The!data!from!that!study!had!lower!
variability!compared!with!the!variability!in!coated!platelet!percentage!in!the!dogs!enrolled!in!
this!study.30!The!sample!sizes!were!also!calculated!to!detect!a!difference!of!10%!in!coated!
platelet!production.!!This!percentage!was!considered!clinically!significant,!as!this!is!the!
difference!in!coated!platelet!percentage!between!healthy!human!subjects!and!humans!with!
history!of!ischemic!stroke.21,22!However,!the!difference!in!coated!platelet!percentage!required!
for!clinical!significance!in!dogs!is!currently!unknown.!!Another!limitation!of!this!study!is!that!the!
cases!enrolled!were!very!heterogeneous!with!regards!to!disease!burden!in!both!cancer!groups,!
and!with!regards!to!tumor!type!in!the!solid!tumor!group.!Future!studies!comparing!coated!
platelets!in!a!more!homogeneous!population!of!dogs!with!neoplasia!are!warranted.!Though!our!
exclusion!criteria!excluded!dogs!that!had!received!anticoagulant!or!antiplatelet!medications!in!
the!96!hours!preceding!sampling,!we!did!not!exclude!dogs!on!medications!known!to!effect!
coated!platelet!formation!in!humans!(e.g.!SSRIs).!!However,!none!of!the!patients!included!in!
this!study!were!on!medications!known!to!effect!serotonin.!A!small!number!of!dogs!included!in!
this!study!had!concurrent!diseases.!These!dogs!were!not!excluded!as!the!concurrent!diseases!
were!all!considered!to!be!chronic!conditions!that!were!stable!on!medical!management!as!
necessary.!As!neoplasia!tends!to!be!diagnosed!in!middleTaged!to!geriatric!patients!more!often,!
chronic!concurrent!conditions!are!relatively!common!at!the!time!of!neoplasia!diagnosis.!!
In!summary,!this!data!suggests!that!coated!platelet!potential!may!be!higher!in!dogs!with!
solid!tumors!compared!to!healthy!control!dogs.!!Further!studies!investigating!coated!platelet!
production!in!more!specific!subsets!of!neoplasia!and!investigating!additional!mechanisms!of!
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hypercoagulability!in!dogs!with!neoplasia!are!warranted.!It!may!also!be!warranted!to!
investigate!potential!therapies!to!mitigate!the!formation!of!coated!platelets!in!dogs!at!risk!of!
thrombosis,!such!as!serotoninTspecific!reuptake!inhibitors.! !
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Figure'1.'Flow'cytometric'analyses'of'platelet'surface'fibrinogen'expression.(Dot(plots(show(platelet(rich(plasma(
dual(stimulated(with(thrombin((0.5(U/ml)(and(rattlesnake(toxin((2.5(μg/ml),(and(double(labeled(to(detect(platelet(
membrane(GP(IIbIIIa((fluorescein(isothiocyanateJabciximab((FITCJabx))(and(biotinylated(fibrinogen((phycoerythrinJ
streptavidin((PEJSA)).(((A(gate(is(constructed(around(the(characteristic(forward(and(side(scatter(of(platelets((A).(The(
platelet(population((plt1)(is(then(further(determined(based(on(FITCJabx(labeling((B).((The(platelet(population((plt2)(
is(then(further(separated(based(on(PEJSA(labeling((C).((In(this(example,(30.5%(of(platelets(are(expressing(
biotinylated(fibrinogen(on(their(surface(following(dual(stimulation(with(thrombin(and(rattlesnake(toxin((coats).(
(
(
Figure'2.'(Coated(platelet(percentages(in(healthy(dogs(compared(to(those(with(lymphoma/leukemia(and(solid(
tumors(including(dogs(in(clinical(remission((A)(and(when(only(dogs(with(active(disease(were(included((B).(
*p=0.0328(
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Tables(
Table(1.(World(Health(Organization’s(Clinical(Staging(System(for(Lymphoma(in(Domestic(Animals.(
Stage'
I' Involvement(limited(to(a(single(node(or(
lymphoid(tissue(in(a(single(organ(
II' Involvement(of(many(lymph(nodes(in(a(
regional(area((
III' Generalized(lymph(node(involvement(
IV' Liver(and/or(spleen(involvement((+/J(stage(
III)(
V' Manifestation(in(the(blood(and(
involvement(of(bone(marrow(and/or(other(
organ(systems((+/J(stage(IJIV)(
Substage'
a' Without(systemic(signs(
b' With(systemic(signs(
 
 
 
 
 
 
 
 
Table(2.(Clinical(characteristics(of(enrolled(healthy(control(dogs. 
Dog Breed Age (years) Sex 
Coated platelets 
(%) 
1 German wirehaired 
pointer 
5 MC 24.5 
2 Pit bull terrier 5.5 FS 22.0 
3 Rough-coated 
collie 
5 MC 45.4 
4 Mixed breed 6 FS 46.3 
5 Golden retriever 4 FS 30.9 
6 Greyhound 9 FS 15.1 
7 Labrador retriever 6 MC 32.8 
8 Labrador retriever 2 FS 46.2 
9 Mixed breed dog 8 MC 49.5 
10 Border collie 5 MC 24.5 
11 Australian 
shepherd 
5 FS 15.4 
12 Australian 
shepherd 
2 MC 23.8 
13 Mixed breed dog 1 MC 21.7 
14 Pit bull terrier 7 FS 33.1 
 
  
Table&3.&Clinical&characteristics&of&enrolled&dogs&with&lymphoma/leukemia.&
Dog$ Age&
(years)&
Sex& Clinical&status& Classification&& Diagnostic&method& Immunophenotype& Stage& Substage& Platelet&
count&
Average&coated&
platelets&(%)&
1$ 11& FS& NonIremission& Lymphoma& Cytology& Unknown& V& b& 413& 25.5&
2$ 8& FS& NonIremission& Lymphoma& Histopathology& TIcell&& II& a& 235& 23.7&
3$ 7& FS& NonIremission& Lymphoma& Cytololgy&&&flow&
cytometry&&
BIcell& III& a& 445& 30.0&
4$ 14& MC& NonIremission& Lymphoma& Cytology&&&PARR& TIcell&& II& b& 506& 63.3&
5$ 4& MI& NonIremission& Lymphoma& Histopathology& BIcell& III& b& 239& 10.3&
6$ 10& MC& NonIremission& Lymphoma& Cytology&&&flow&cytometry& BIcell& III& a& 222& 36.0&
7$ 15& FS& NonIremission& Lymphoma& Cytology&&&flow&cytometry& BIcell& III& a& 406& 32.1&
8$ 8& MC& NonIremission& Lymphoma& Cytology&&&flow&cytometry& BIcell& III& a& 149& 14.7&
9$ 8& FS& NonIremission& Lymphoma& Cytology&&&flow&cytometry& TIcell& V&& a& 230& 51.2&
10$ 9& FS& NonIremission& Lymphoma& Cytology&&&flow&cytometry& BIcell& IV& b& 124& 4.5&
11$ 8& MC& NonIremission& Lymphoma& Histopathology& Unknown& II& a& 201& 19.6&
12$ 13& FS& NonIremission& Lymphoma& Cytology&&&histopathology& TIcell& III& a& 404& 10.5&
13$ 10& FS& NonIremission& Leukemia& Cytology&&&flow&cytometry& TIcell& n/a& n/a& 352& 48.0&
14$ 11& FS& Remission& Lymphoma& Cytology&&&flow&cytometry& BIcell& V& b& 667& 46.6&
15$ 7& MC& Remission& Lymphoma& Cytology&&&flow&cytometry& BIcell& III& b& 278& 21.5&
16$ 12& MC& Remission& Lymphoma& Cytology&&&flow&cytometry& BIcell& III& b& 183& 48.8&
17$ 3& MC& Remission& Lymphoma& Histopathology& Unknown& V& b& 235& 29.6&
18$ 14& FI& Remission& Lymphoma& Cytology&&&flow&cytometry& BIcell& IV&& b& 192& 26.4&
19$ 6& MC& Remission& Lymphoma& Cytology& Unknown& III& a& 325& 48.8&
20$ 6& MC& Remission& Lymphoma& Cytology&&&flow&cytometry& BIcell& V& b& 653& 37.2&
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Table&4.&Clinical&characteristics&of&enrolled&dogs&with&solid&tumors.&
Dog$ Breed& Age&(years)& Sex& Remission&
status&
Classification& Diagnostic&method& Platelet&count& Average&coated&
platelets&(%)&
1$ Mixed&breed& 8& FS& NR& Chondrosarcoma& Histopathology& 279& 56&
2$ Boston&terrier& 9& MI& NR& MCT& Cytology& 428& 56.47&
3$ English&setter& 10& MC& NR& Osteosarcoma& Cytology& 392& 33.75&
4$ Mixed&breed& 13& FS& R& Clear&cell&adnexal&
carcinoma&
Histopathology& 545& 43.97&
5$ Golden&retriever& 8& MC& NR& Hemangiosarcoma& Histopathology& 286& 43.9&
6$ German&
shepherd&&
8& MC& R& Anal&sac&
adenocarcinoma&
Histopathology& 262& 43.13&
7$ Golden&retriever& 11& MC& NR& Chondrosarcoma& Histopathology& 284& 34.73&
8$ English&springer&
spaniel&
12& FS& NR& Oral&melanoma&&&
anal&sac&
adenocarcinoma&
Cytology&&&histopathology& 470& 48.6&
9$ Labrador&
retriever&
7& FS& NR& Osteosarcoma& Cytology&&&histopathology& 167& 28.47&
10$ Australian&
shepherd&
8& MC& NR& Insulinoma& Glucose/insulin&levels,&CT&scan& 367& 26.27&
11$ Mixed&breed& 9& MC& NR& Insulinoma& Histopathology& 408& 37&
12$ Boxer& 5& MC& NR& Oligodendroglial&
ganglioglioma&
Histopathology& 272& 46.27&
13$ Mixed&breed& 11& MC& NR& Anal&sac&
adenocarcinoma&
Cytology& 373& 45.2&
14$ English&springer&
spaniel&
12& MC& NR& Nasal&
adenocarcinoma&
Histopathology& not&done& 40&
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Table&5.&Treatments&and&concurrent&diseases&of&enrolled&dogs&with&lymphoma/leukemia.&
Dog$ Classification&& Chemotherapy& Systemic&
glucocorticoids&
Non>cancer&related&
conditions&
Other&meds/food&
supplements&
Average&coated&
platelets&(%)&
1$ Lymphoma& n/a& Prednisolone& UTI&(e.coli)&dx&2d&prior&to&
lymphoma&diagnosis&
Cerenia,&
famotidine,&
enrofloxacin&
25.5&
2$ Lymphoma& n/a& n/a& Urinary&incontinence&>&on&
proin&
Phenylpropanola
mine&&
23.7&
3$ Lymphoma& Vincristine,&
cyclophosphamide&&
n/a& Mitral&valve&regurgitation&
(no&clinical&signs)&
Cerenia& 30.0&
4$ Lymphoma& n/a& n/a& Nasal&congestion,&suspect&
nasal&mass&
n/a& 63.3&
5$ Lymphoma& n/a& n/a& None& Doxycycline& 10.3&
6$ Lymphoma& n/a& n/a& Chronic&hepatitis,&Cu&
storage,&grade&2/6&heart&
murmur&
Azathioprine,&
SAMe,&milk&
thistle,&&&vitamin&
E&
36.0&
7$ Lymphoma& CHOP& Prednisone& Hormonal&responsive&
incontinence.&On&Proin&
long>term&prior&to&
lymphoma&diagnosis&
Gabapentin,&
metoclopramide,&
&&
phenylpropanola
mine&&
32.1&
8$ Lymphoma& n/a& n/a& None& n/a& 14.7&
9$ Lymphoma& Revised&MOPP& Prednisone& Head&tilt& n/a& 51.2&
10$ Lymphoma& CHOP& Prednisone& None& n/a& 4.5&
11$ Lymphoma& n/a& n/a& None& Apricot&kernel&
extract,&Neo>
Poly>Dex&
ophthalmic&
ointment&
19.6&
12$ Lymphoma& n/a& n/a& Heart&murmur,&food&
sensitivity&(IBD?),&arthritis,&
and&possible&
cholangiohepatitis&
Fish&oil&
supplement,&
Cosequin,&&&
SAMe&
10.5&
13$ Leukemia& Chlorambucil&& Prednisone& Urinary&incontinence& n/a& 48.0&
14$ Lymphoma& CHOP&& Prednisone& Hypothyroid,&arthritis& Gabapentin,&
soloxine&&
46.6&
15$ Lymphoma& CHOP& Prednisone& Hematuria&>&r/o&UTI&vs.&
sterile&hemorrhagic&
cystitis&secondary&to&
cyclophosphamide&
n/a& 21.5&
16$ Lymphoma& CCNU,&doxorubricin,&
cyclophosphamide&
n/a& None& SAMe,&TMS& 48.8&
17$ Lymphoma& CHOP& Prednisone& None& Cerenia& 29.6&
18$ Lymphoma& CHOP& Prednisone& None& n/a& 26.4&
19$ Lymphoma& Doxorubricin&& Prednisone& Anaplasma&diagnosed&
10/29/15&(was&on&
doxycycline&when&sample&
for&study&obtained).&Skin&
infection.&
Cephalexin&&&
doxycycline&
48.8&
20$ Lymphoma& CHOP& Prednisone& Arthritis& Glucosamine& 37.2&
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Table&6.&Treatments&and&concurrent&diseases&of&enrolled&dogs&with&solid&tumors.&
Dog$ Classification& Chemotherapy& Systemic&
glucocorticoids&
Non>cancer&
related&
conditions&
Other&
meds/food&
supplements&
Average&
coated&
platelets&(%)&
1$ Chondrosarcoma& n/a& n/a& None& None& 56&
2$ MCT& n/a& n/a& Atopy& Cyclosporine& 56.47&
3$ Osteosarcoma& n/a& n/a& None& None& 33.75&
4$ Clear&cell&adnexal&
carcinoma&
n/a& n/a& Osteoarthritis& None& 43.97&
5$ Hemangiosarcoma& Adriamycin& n/a& None& Fish&oil,&
immunotherapy&
treatment&
43.9&
6$ Anal&sac&
adenocarcinoma&
Carboplatin&
(previously&completed&
full&course&of&RT)&
n/a& Atopy& Benadryl,&
metoclopramide,&
metronidazole&
43.13&
7$ Chondrosarcoma& n/a& n/a& None& Fish&oil&and&
immune&
supplements&
34.73&
8$ Oral&melanoma&&&
anal&sac&
adenocarcinoma&
n/a& n/a& None& None& 48.6&
9$ Osteosarcoma& n/a& n/a& None& Fish&oil& 28.47&
10$ Insulinoma& n/a& Prednisone& Congenital&
deafness,&
cataracts&
None& 26.27&
11$ Insulinoma& n/a& Prednisolone& Superficial&
pyoderma&
None& 37&
12$ Oligodendroglial&
ganglioglioma&
n/a& n/a& None& Leviteracetam& 46.27&
13$ Anal&sac&
adenocarcinoma&
n/a& n/a& None& None& 45.2&
14$ Nasal&
adenocarcinoma&
n/a& Prednisone& Previous&history&
of&aspergillosis;&
recent&onset&
seizures&
Clavamox,&
phenobarbital&
40&
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CHAPTER(4.(CONCLUSIONS(
Brief(summary(
In(summary,(this(thesis(describes(two(projects(involving(canine(platelets.((In(the(first,(a(
novel(canine(immune(thrombocytopenia((ITP)(bleeding(score,(the(DOGiBAT,(was(developed(and(
validated.((An(ITP(bleeding(score(will(allow(more(objective(comparisons(of(clinical(bleeding,(
especially(in(multicenter(studies,(and(will(allow(stratification(of(ITP(patients(in(clinical(trials(
based(on(their(bleeding(severity(to(provide(an(objective(comparison(of(outcome(among(
treatment(protocols.(In(the(second(project,(coated(platelet(potential(in(canine(cancer(patients(
was(investigated.((Coated(platelets(are(a(subset(of(platelets(that(are(formed(ex#vivo(by(dual(
stimulation(with(thrombin(and(rattlesnake(toxin.((In(that(study,(we(found(that(dogs(with(solid(
tumors(formed(a(greater(percentage(of(coated(platelets(compared(with(healthy(control(dogs.((
Future(directions(
There(are(several(future(directions(elucidated(in(this(thesis.((First,(future(application(of(
the(DOGiBAT(bleeding(score(system(to(prospective(clinical(trials(comparing(treatments(for(
canine(ITP(should(be(considered.((This(could(have(a(major(clinical(impact,(as(the(current(ideal(
treatment(for(ITP(is(not(known,(and(the(DOGiBAT(could(help(objectively(compare(treatment(
outcome.((Application(of(the(DOGiBAT(could(also(allow(clinicians(to(individualize(treatment(
based(on(a(patient’s(bleeding(risk(or(bleeding(severity,(thereby(reducing(both(underRtreating(
and(overRtreating,(both(of(which(have(potential(for(complications.((Further(studies(involving(
coated(platelet(potential(in(canine(patients(should(also(be(considered.((One(limitation(of(the(
study(reported(herein(was(the(relatively(small(sample(size,(especially(considering(the(
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heterogeneous(nature(of(the(patients(in(this(study.((Coated(platelets(should(be(investigated(in(a(
more(homogenous(group(of(canine(cancer(patients.((Additionally,(the(role(of(coated(platelets(
could(be(investigated(in(other(diseases(known(to(be(associated(with(hypercoagulability(such(as(
hyperadrenocorticism,(proteinRlosing(nephropathy,(etc.(Finally,(coated(platelets(could(be(
investigated(as(a(potential(therapeutic(target,(such(as(with(SSRIs(in(canine(cancer(patients.(((
